The purpose of this study was to collect information on the utilization of physician assistants (PAs) and nurse practitioners (NPs) in academic health centers. Data were gathered from a national sample of University HealthSystem Consortium member academic medical centers (AMCs). PAs and NPs have been integrated into most services of respondent AMCs, where they are positively rated for the value they bring to these organizations. The primary reason cited by most AMCs for employing PAs and NPs was Accreditation Council for Graduate Medical Education resident duty hour restrictions (26.9%). Secondary reasons for employing PAs and NPs include increasing patient throughput (88%), increasing patient access (77%), improving patient safety/quality (77%), reducing length of stay (73%), and improving continuity of care (73%). However, 69% of AMCs report they have not successfully documented the financial impact of PA/NP practice or outcomes associated with individual PA or NP care.
Since 1967, the American health care system has expanded to include the roles of advanced practice providers such as physician assistants (PAs) and nurse practitioners (NPs), who, when used optimally, provide services traditionally performed by physicians. It is estimated that there are currently more than 210 000 PAs and NPs in the United States (74 469 PAs and 140 000 NPs). [1] [2] [3] Over the past 2 decades, the supply of PAs and NPs has grown at a faster rate than the supply of physicians, [1] [2] [3] [4] and PAs and NPs practice in virtually every clinical setting and in virtually every medical and surgical specialty. A recent driver of this trend has been the restrictions on resident duty hours implemented by the Accreditation Council for Graduate Medical Education (ACGME) in 2003. NPs and PAs have been used increasingly in the management of hospitalized patients and have been identified as a solution for meeting the physician manpower shortage caused by the implementation of ACGME regulations. 5, 6 With potential further reductions in resident duty hours on the horizon, the need for an additional workforce is anticipated to increase significantly as early as July 2011, with approximately 5984 PAs and NPs needed to help bridge this gap. 7 In addition, the United States is on the verge of a significant physician shortage. The Association of Academic Medical Colleges (AAMC) estimates a shortage of 124 000 to 159 000 physicians by 2025. 1 The AAMC predicts that even if the PA and NP workforce supply were to double by 2025, the projected physician demand would be reduced by only 75 500 physicians. All these predictions predate national health care reform, which will extend coverage to an additional 32 million Americans in the coming years, placing additional strain on an already burdened system and increasing the projected shortfall of physicians by as much as 25%. 1 NPs and PAs have been identified as one solution to meet the looming workforce shortage and to meet the increasing need for health services in the US population. [7] [8] [9] [10] At issue is how to use and integrate a growing supply of NPs and PAs into the care of patients and to bridge the gaps in access and quality. As impending health care workforce shortage predictions intensify the interest in and need to better understand PA and NP utilization, productivity, and value, the purpose of this study was to collect information on the different ways that academic medical centers, the engine of medical advances and education, use PAs and NPs to deliver care, how they measure performance, and how they support these positions financially. Results reported in this article could be the benchmark for interinstitutional comparison and longitudinal follow-up.
Methods
In collaboration with the University HealthSystem Consortium (UHC) Midlevel Provider Benchmarking Project Steering Committee, we developed a structured 3-part questionnaire that was administered by e-mail to academic medical centers. UHC is an alliance of 107 academic medical centers and 233 of their affiliated hospitals, representing approximately 90% of the nation's nonprofit academic medical centers. An invitation to participate in the study was sent via e-mail to benchmarking coordinators at 74 UHC member academic medical centers in June 2009. These 74 academic centers were selected because they participate in the UHC Imperatives for Quality program (formerly known as Benchmarking and Improvement Services program). The survey was adapted from prior national surveys conducted on PA and NP roles. It contained 82 questions overall and was designed to be completed in 3 hours or less. Face validity was established with a panel of NP and PA experts. Prior to sending the questionnaire, 2 conference calls were conducted with study participants in June and July 2009 to facilitate their participation, address their questions, and provide any needed clarifications. Data collection began in July 2009 and was completed in early September 2009. The reporting period for most questions pertained to the most recent 12 months. For questions on policies and procedures, answers were requested based on what was currently in place at member organizations at the time of survey completion. This article is focused on organizational demographics, role and level of resident substitution, financial impact, productivity, patient outcomes, patient satisfaction, and perceived organizational value of PAs and NPs.
Survey Instrument

Results
Organizational Demographics
Of the 74 UHC member academic medical centers invited to participate in the study, 26 (35%) responded. The responding medical centers are listed in Table 1 . The geographic distribution of responding academic centers is displayed in Figure 1 .
The number of active physicians in the study sample ranged from 350 to 2700 (mean = 1052) per medical center, the number of NPs ranged from 48 to 352 (mean = 119) per medical center, and the number of PAs ranged from 2 to 181 (mean = 49) per medical center. The ratio of PAs/NPs to physicians ranged from 1/3.7 to 1/18.5 (median = 1/5.3; Table 1 ). Virtually every medical center uses both PAs and NPs across most services (Table 2) . Nineteen medical centers (73%) reported that PAs functioned in outpatient clinics; 25 (96%) had NPs functioning in this setting. Similarly, 17 medical centers (65%) reported that PAs worked in primary care; 21 (81%) had NPs working in primary care. Surgical care was a responsibility for PAs in 15 (58%) medical centers and for NPs in 20 (77%) medical centers.
The average length of time to fill a vacancy (defined as time from job posted to start date) ranged from 3.5 to 95.5 weeks (mean = 17.6 weeks) for NPs and from 3.5 to 63 weeks (mean = 18.7 weeks) for PAs.
Level of Resident Substitution and Clinical Roles
Twenty-one academic medical centers (81%) reported using PAs and NPs as resident substitutes. Most reported using PAs and NPs as resident substitutes beyond the first postgraduate year (PGY). In fact, resident substitution occurred, to various extents, across the first 4 years of postgraduate residency: 14% of PAs and NPs were used as PGY-2 resident substitutes, and 33% of PAs and NPs were used as PGY-3 or PGY-4 resident substitutes. No medical centers reported NP/PA substitution for PGY-5 residents. Importantly, 8 respondents (31%) reported that they did not know the equivalent level of functioning when substituting for residents.
NPs were identified as functioning in roles other than direct patient care providers in 16 (62%) medical centers, filling roles such as care coordinator (30%), case manager (23%), and research coordinator (12%). NPs function in clinical nurse specialist roles in 2 medical centers (8%), and in more traditional nursing roles, such as inpatient nursing, in 2 medical centers (8%). PAs are licensed to practice medicine under physician supervision and traditionally do not function in these types of roles. 
Financial Impact and Productivity
Eighteen academic medical centers (69%) reported they had not successfully documented the financial impact of PA and NP practice. Six (23%) reported that they were not billing professional services for hospital-employed PAs and NPs. Only 7 (27%) had quantified an increase in expenses related to the increase in PA/NP staffing, and 3 (12%) had quantified the cost associated with PA/NP care or the cost of resource utilization associated with PA/NP care. Sixteen medical centers (57%) tracked work relative value units (wRVUs) for some positions, but 40% of those that tracked wRVUs specified that it was done in a limited capacity, more common for outpatient roles and for physician-employed PAs/NPs and not routinely done for hospital-employed PAs/NPs. Other metrics used by respondent organizations to track PA/NP productivity included ambulatory encounters (77%), hospital encounters (31%), number of procedures (50%), gross charges (58%), collections (42%), number of shared visits for Medicare patients (12%), number of indirect billing visits for Blue Cross patients (12%), and number of visits billed under PA/NP provider number (42%). Very few medical centers had defined productivity targets and those that did generally varied by department. Only 3 (12%) had compensation linked to productivity targets.
Seven medical centers (27%) described tracking the increase in physician productivity associated with the use of PAs and NPs. Of the academic centers that tracked physician productivity associated with advanced practice providers, 5 (19%) 
Outcomes and Patient Satisfaction
The majority of academic medical centers (69%) did not track outcomes associated with individual PA or NP care and were more likely to track complications by service, comparisons across services, or overall outcomes by service. Outcome measures that were being tracked for both PAs and NPs by the remaining respondent medical centers included the following: access to ambulatory care (23%), complications (19%), length of stay (15%), throughput (15%), readmission rates (12%), resource utilization (8%), ventilator days (8%), urinary tract infection rates (4%), ventilator-associated pneumonia rates (4%), venous thromboembolism prophylaxis rates (4%), skin breakdown (4%), and catheter-related bloodstream infection rates (4%). Eleven medical centers (42%) measured patient and family satisfaction related to the care provided by PAs and NPs, but only indirectly (by comments or by medical or surgical service) and not typically associated with individual PAs/NPs.
Value of PAs and NPs to the Organization
Academic medical centers were asked to complete an organizational self-assessment by consensus about the value of advanced practice providers to their organization on a scale of 1 to 5, with 1 being strongly disagree and 5 strongly agree. The highest rated statement (4.5 average) was that "Midlevel providers are easily accessible to other members of the health care team to discuss and provide direction for patient care." The lowest rated statement (2.7 average) was that "Revenue streams have increased for physicians who utilize midlevel providers."
Reasons for employing PAs and NPs in academic medical centers are shown in Figures 2 and 3 . The primary reason most commonly cited by respondent medical centers was to satisfy ACGME resident duty hour restrictions (27%). Nineteen (73%) agreed that employing NPs and PAs helped them meet ACGME resident work hour limits. The most common secondary reason to employ advanced practice providers was to increase patient throughput (88%). Academic medical centers specified that both PAs and NPs could play a stronger role in quality and patient safety initiatives, research, mentorship and precepting new practitioners, protocol implementation, patient flow, leadership, and call coverage.
Discussion
Academic medical centers that employ PAs and NPs report that they provide a high degree of value and contribute to improvements in continuity of care, access, patient safety/quality, physician productivity, patient throughput, length of stay, as well as increasing physician time for other activities. As a result, academic centers around the country have continued to employ greater numbers of PAs and NPs, notably since 2003 with the institution of the 80-hour workweek restriction for residents. Indeed, some academic centers employ as many as 1 PA/NP for every 3.7 physicians. As most academic medical centers agreed that employing NPs and PAs helped them meet ACGME resident work hour limits, it is likely that any further restrictions in resident duty hours will result in an even greater demand for PAs and NPs. Yet supply continues to be an issue for both provider types with the time to fill a position ranging from 3.5 to 95.5 weeks for NPs (mean = 17.6 weeks) and from 3.5 to 63 weeks for PAs (mean = 18.7 weeks). Currently, there are 149 PA programs graduating approximately 4600 graduates per year and nearly 75 000 clinically practicing PAs. 2 The supply of NPs is greater with more than 325 educational programs graduating approximately 8000 NP students per year and approximately 140 000 clinically practicing NPs. 3, 5 According to AAMC estimates, even if the supply of PAs and NPs were to double, the physician shortfall would still be substantial. 1 Therefore, it is likely that the United States will need more PAs and NPs to meet the demand for patient care services, and more academic training programs may be required. However, to date most estimations of provider shortages have focused solely on the supply of and demand for physicians. Additional study is required to provide better estimates of the numbers of PAs and NPs required, as well as the appropriate number of training programs necessary to meet the demand.
In addition to requiring greater numbers of PAs and NPs, when this model of care is employed, it will be important that it is leveraged to maximize utilization and efficiency, thereby optimizing return on investment. As evidenced by this study, there are opportunities for improvement in PA and NP utilization within academic medical centers. Most notable are the opportunities to demonstrate financial impact and outcomes of PAs and NPs. Importantly, respondent organizations specified that both PAs and NPs could play a stronger role in quality and patient safety initiatives, research, mentorship and precepting new practitioners, protocol implementation, patient flow, leadership, and call coverage. Although resident substitution, used here as a proxy for level of functioning within the scope of PA or NP license/training, was occurring in 81% of the respondent academic medical centers, the level of substitution and resulting level of functioning varied, with only 27% of medical centers reporting that PAs and NPs function at PGY-3 or higher. This is in contrast to the findings of Riportella-Muller and colleagues who identified 53% of PAs and 62% of NPs substituting for PGY-3 residents and 15% and 18%, respectively, substituting for PGY-5 residents in their 1995 survey of Council of Teaching Hospital members.
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Their target audience included teaching hospitals whereas ours focused on academic medical centers. Their survey reached 286 teaching hospitals whereas our survey reached only 26 academic medical centers, which could contribute to our disparate findings. In addition, Riportella-Muller et al obtained their results directly from an identified contact person at the department level within 463 clinical departments of the 286 medical centers, whereas we focused on organizational leaders. Consequently, our results should be interpreted carefully. It will be important for future studies that analyze resident substitution with PAs and NPs to obtain data from the department level in order to ensure accuracy.
In spite of the significant investment in NPs and PAs, most respondent academic centers did not measure the financial impact of employing NPs and PAs, or did so in very limited areas. Most medical centers reported difficulty tracking the productivity of their NPs and PAs. One potential consequence of this difficulty is the missed opportunity to bill for provided services. Productivity was tracked by respondent medical centers primarily in the ambulatory setting, using a variety of metrics. Not surprisingly, inpatient productivity metrics are much more limited. PAs and NPs have compared favorably to physicians in a number of studies focused on productivity and cost-effectiveness. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, many of these studies occurred in nonacademic primary care settings and focused on PAs and NPs as physician substitutes rather than as members of interdisciplinary health care teams, a model of utilization more common within an academic environment. When making benchmark comparisons, it is always best to compare like specialties and roles in order to make fair judgments on clinical performance. Currently, however, there is little benchmarking data available for PAs and NPs across most specialties and settings, particularly with regard to inpatient roles. Consequently, there is little to guide academic centers in the evaluation of clinical performance of their PAs and NPs. Additional study is required to establish proper benchmarking metrics for PAs and NPs across all specialties and roles, particularly in team-based practice within academic medical centers. Future research focused on the composition of medical teams, the roles of various team members, and overall effectiveness of medical teams involving PAs and NPs also is required.
Nonmonetary contributions are equally important in determining the overall value of PAs and NPs as members of health care teams. 22 A number of studies have focused on outcomes of NPs and PAs in both ambulatory and hospital settings and have substantiated the benefit of NPs and PAs in improving length of stay, mortality, adverse events, continuity of care, increasing adherence to best practice guidelines, and enhancing communication, collaboration, and education. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] However, our analysis showed that most academic centers had not measured the impact of NP-or PA-led interventions; those that did measure reported that the impact was usually very isolated and difficult to quantify. Most did not track patient outcomes related to NP and PA care, primarily because of an inability to match patients to providers. Additional research is required to better assist health care organizations with identification of the proper methods to track productivity, quality, patient satisfaction, and outcomes associated with PA-and NP-provided care. It also will be important that evaluation of PA and NP productivity includes increase in physician revenue and/or the overall economic productivity of the physician-PA/NP team, which our study revealed was occurring in only 27% of respondent academic medical centers.
Our invitation reached 74 UHC member organizations and only 26 (35%) UHC academic medical centers responded. The low response rate may limit the generalizability of our results. It is possible that respondents had more difficulty with PA and NP integration. Alternatively, medical centers that had more experience with the utilization of NPs and PAs may have been more likely to respond. Whichever scenario is more likely, our results may not be generalizable to all organizations that employ NPs and PAs. Another factor that potentially limits the generalizability of our results is that we focused on nonprofit academic centers. It is possible that the results would be different in for-profit hospitals or in private practice environments. Because of the breadth of topics covered, it was difficult to delve into any one subject comprehensively. Consequently, each topic represents a brief overview and additional studies could be conducted within each subject area to elicit more comprehensive results. Our respondent organizations seem to be clustered in the Midwest and along the eastern seaboard, which also could confound the results, particularly considering the variation in state scope-of-practice laws related to PA and NP practice.
We did not assess full-time equivalent (FTE) employee status in addition to overall head count. It is possible that substantial numbers of PAs and NPs work part time, thus inflating the overall head count. Future studies focusing on the performance of PAs and NPs should include FTE employee status and focus primarily on PAs and NPs who practice clinically as direct patient care providers. Of note, 62% of academic centers reported that NPs work in roles other than direct patient care providers, which also may increase head count. It is likely that these roles would be better filled by non-advanced practice personnel, freeing up these providers to focus on direct patient care. Additional information on the integration of NPs into other roles and the resulting impact on institutional outcomes require further assessment.
We are facing a looming health care provider shortage. This benchmarking report provides updated information on the utilization of NPs and PAs in a national sample of academic medical centers, highlighting current roles and identifying opportunities for continued research. Our study revealed a high degree of variability in how PAs and NPs are being used within academic medicine. The predicted provider shortages underscore the importance of a renewed commitment to optimizing utilization of PAs and NPs to provide safe, high-quality care that is also fiscally responsible. This will require a commitment on the part of both the PA and NP professions to assist academic medical centers with PA and NP integration by standardizing the expectations and competencies required to achieve the desired level of clinical practice across all specialties. It is evident from our results that academic medical centers currently do not have a systematic methodology to assess the value of PA-or NP-provided care. Further research on all measures of value, including the economic and noneconomic impact of PA and NP utilization across all specialties and practice settings, is required to ensure optimal deployment of this limited human resource to assist with meeting the growing health care needs of Americans and to ensure optimal return on investment for organizations that choose to employ PAs and NPs.
